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[00011 Access to cellular components such as nucleic acids is imperative to a variety of molecular biology mefliod- 
Sils. SucS^dogies include nucleic acW sequencing, direct detection of part,cular nucle,c acd sequences by 
nucleic acid hybridization and nucleic acid sequence amplification techniques. . , . 

raS TirS^Sration and purification of high-purity double-stranded (ds) plasmid DNA. single-sfranded (ss) 
SS DNA chromSZl DNA. agarose gel-pur'ied DNA fragments and RNA Is of crHical importance ,n molecular 
E Sy IdX a reS^for purkying nucleic adds shouW be simple, raj^d and require little, if any. add.tonal sanyle 
n^^n3;iIZ Nucleic ac^^^ rendered by such a method should be immediately amenable to transformation, restr cton 

rnalSSgati^^^^^^^^^ 

nudeic acid sample preparation, a goal of research and diagnostic laboratories. 

Ssi S y.?he^repar;tion of plasmid DNA from crude alcohol precipitates is laborious, most often utimng 

SradieSefWation. ion exchange chromatography, or RNase. proteinase K and -P^^^f^^'^^^ P^^^^^^ 
ieos These methods alsorequireconsiderabledownslreamsamplepreparation to remove CsQ and^^^^^^ 

SomS rrS^ldiolSiSlar arguments extend when using any of these methods for purifying DNA fragmerts^ A 

iurther pTSem wi^^^^^^ that small, negatively-charged cellular components can co-punfy with the DNA. 

Thus the DNA can have an undesirable level of contamination. „u«.« 

S Nudi adds can also be purified using solid phases. Conventional solid phase extracbon techniques have 

E sur^ces wh^ either (1 ) fail to'attract and how ^ 

S to permrt easy recovery of the nudeic add molecules during elution. or (2) eccess^ely ^^^ere ra«le c aad ^ 
ecu es 0 Sie surface thereby hindering recovery of the nudeic acid molecules dunng eluton. Conventional metal sur- 
f^cerwhiS cause these problems when utilized In solid phase extraction include certain ^^"Jf 
and Ceir^equate binding of nudeic acids to these types of surfaces can be achieved only by "»'^'"9 J'S*^"""". 
Sons o' chaSropes or alcohols which are generally toxic, caustic, and/or expensive. For example, it is to^wn that 
[^N^wlllbiStocrushed glass powders and to gte^^ 

icalivTre wash^^^ vSth alcohol, and the DNAs are eluted with low-salt solutions or water. Importantly. RNA and 
Sn do rS blnd^wever. a serious drawbad. in the use of crushed glass powder is that Its binding capaaty is lov. 
Stfon.X p»«iers oflen suffer from inconsistent recovery, incompatibility -^J, Jo-^e ^^^^^^^ 
nick larqe DNAs Similarly, glass fiber filters provide a nonporous surface with low DNA binding cap.^ty^ Other sihcas 
such aSilk^Tel and gla« beads, are not suitable for DNA binding and recovery. Currently, the solid phase of cho ce 
for ScJd pSfZ^tfof DNA is Celite such as found in Prep-A-Gene™ by Bio-Rad ^b-xf ^"^^^^^^^^^^^ 
crushed glass powders, high concentrations of chaotropes are required for adequate binding of ^^A to t^^^^ 
35 Sm5] However, the hydration of silica substances has. In some instances resulted in elimination of *e need for 
such high co^entrations of chaotropes to elute bound DNA from the silica substance as taught in references such as 
EP0 512 767 EP 0 585 660, US 5,674.997 and EP 0832 897. 

tOoS^^ ^hefe aJe numerous protocols for purHying DN/V For example. U.S. Pa^nt '■^f^^^^^^^'l^Z^ 
for purifying DNA inwhichasolution of protein andDNAispassedoverahydroxylatedsupportaiJthep^^^^^^ 

and the DNA is eluted. U.S. Patent 4.935,342 discloses purification of DNA by selective binding of DNA to anion 
S^angersaJd subsequert elution. U.S. Patert 

Snes A DNA purification procedure using diaotropes and dialyzed DNA is disclos^in 
[0007] Diatoms have also been utilized for purBication of nudeic acids as evidenced by U.S. Patent No. 5.234.809 

fn Rnnm Pt al and U S Patent No. 5.075,430 to Uttle et al. 

0(^ it a fo^er t2hnk,ue uilized tor purHlcation of nudeic adds is binding to specHicaJy adapted paw 
neticoarticles Examples of such techniques may be found in references sudi as European Specification EP 0 446 260 
B? and S S ^rSr2.439 (Homes et al.) which desaibe monodisperse. superparamagnetic partides having a pep- 
tide d^eter^Sdard deviation of less thin 5%. Each particle carries a plurality of molecules an o^onudeotide. 
with each olioonudeotide having a section serving as a probe for a target nudeic acid molecule of 'merest^ 
50 rowll U S ?atS No 4,67i.04O (Josephson) and U.S. Patent No. 4.695,393 (Whitehead et al.) describe magnet- 
iS lesponsL Seles W use in systen^ to separate certain molecules. The particles have a metal oxide core sur- 
rounded by a stable silicone coating to which organic and/or biological molecules may be coupled. 
Sm U.S. Patent No. 3.970.518 (Gia«er) describes a method of sorting and separating « 
f rom a mixed cell population. The method utilizes small magnetic partides which are coated with an antibody to ttie 

" rSruTpSNo.4.141.687(Forrestetal.)descrfo^^ 

!S Ihe a^ratSSes a particulate material with a reagent bound thereto. The particulate material .s magnetic, 
and the reagent is a substance which takes part in a readfon in tiie readion mixture. 
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[001 2] U.S. Patent No. 4,230.685 (Senyei et al.) describes a method for magnetic separation of ceils. The method 
utilizes magnetically-responsive microspheres which are coated with staphylococcal Protein A to which is bound anti- 
body 

[0013] U.S. Patent No. 4,774.265 (Ugelstad et al.) describes a process for preparing magnetic polymer particles. 
5 The particles are compact or porous polymer particles treated with a solution of iron salts. 

[0014] U.S. Patent No. 5,232.782 (Charmot) describes magnetizable "core-sheir microspheres which have a core 
of a magnetizable filler and a shell of crosslinked organopolysiloxane. 

[0015] US. Patent No. 5.395.688 (Wang et al.) describes magnetically responsive fluorescent polymer particles 
which have a polymeric core coated evenly with a layer of polymer containing magnetically responsive metal oxide. 
70 [0016] U.S. Patent No. 5,491 ,068 and U.S. Patent No. 5,695.946 (Benjamin et al.) describe an assay method for 
detecting the presence of bacteria using magnetic beads with specific antibodies immobilized thereon. 
[0017] U.S. Patent No. 5,536,644 (Ullman et al.) describes a particle separation method. Tlie method utilizes mag- 
netic particles with surface functional groups, and optionally, an additional surface coating. 

[0018] European Patent Specification EP 0 444 120 B1 (Homes et al.) describes a method for detection of target 
15 RNA or DNA. The method utilizes magnetic particles carrying a single stranded 5'-attached DNA probe capable of bind- 
ing the target RNA or DNA. 

[0019] International Publication No. WO 96/18731 (Deggerdal et al.) describes a method for isolating nucleic acid 
from a sample using a particulate solid support and an anionic detergent. 

[0020] U.S. patent No. 5,705.628 (Hawkins) desaibes a method for DNA purification and isolation using magnetic 
20 particles with functional group-coated surfaces. 

RI1MMARY OF THE INVENTION 

[0021] In Older to provide a more effective and efficient technique for the purification and manipulation of nucleic 
25 acids, the present invention relates to a composition useful for reversible binding of a nucleic acid molecule. The com- 
position includes a paranr^gnetic particle in an acidic environment. The invention also includes such a composition 
packaged as a kit, as well as methods utilizing such a composition to reversibly bind a nucleic acid molecule. 

DETAILED DESCRIPTION OF THE INVENTION 

30 

[0022] The present invention relates to unique compositions of matter. More specifically the conrposition of matter 
is a paramagnetic particle in an acidic solution, that is, a solution having a pH of less than about 7.0. 
[0023] The Applicants found that when in an acidic environment, paramagnetic particles will reversibly bind nucleic 
acid molecules without the necessity of an anionic detergent as taught in International Publication No. WO 96/18731. 
35 Although not desiring to be bound by a particular theory, the Applicants believe that an acidic environment increases 
the electropositive nature of the iron portion of the molecules, and thus increases the binding of the molecules to the 
electronegative phosphate portion of a nucleic add molecule. 

[0024] used herein, the term paramagnetic particles means particles which are capable of having a magnetic 
moment imparted to them when placed in a magnetic field. Therefore, such paramagnetic particles, when in such a 
40 magnetic field, are movable under the action of such a field. Such movement Is useful for moving bound nucleic acid 
molecules for different aspects of a sample processing protocol or other manipulations. Thus, nucleic acid molecules 
bound to the paramagnetic particles can be moved to different areas for exposure to different reagents and/or condi- 
tions with minimal direct contact due to the application of magnetic force. 

[0025] The Applicants have found that paramagnetic particles useful in the present invention need not be conpli- 
45 cated structures. Thus, iron particles are useful in the present invention, and the iron may be an iron oxide of forms such 
as ferric hydroxide and ferrosoferric oxide, which have low solubility in an aqueous environment. Other iron particles 
such as iron sulfide and iron chloride may also be suitable for binding and extracting nucleic acids using the conditions 
described herein. 

[0026] Similarly, the shape of the paramagnetic particles is not critical to the present invention. Thus, the paramag- 
50 netic particles may be of various shapes, including for example, spheres, cubes, oval, capsule-shaped, tablet-shaped. 
nonKiescript random shapes, etc., and may be of uniform shape or non-uniform shapes. Whatever the shape of a par- 
amagnetic particle, its diameter at its widest point is generally in the range of from about 0.5 fim to about 20jim. 
[0027] The acidic environment in which the paramagnetic particles effectively, reversibly bind nucleic acid mole- 
cules can be provided through a variety of means. For example, the paramagnetic particles can be added to an acidic 
55 solution, or an acidic solution may be added to the partdes. Alternatively a solution or environment in which the para- 
magnetic partides are located can be addif led by addition of an acidrf ing agent such as hydrochloric add. sulfuric add. 
acetic add and citric add. 

[0028] Provided that the environment in which the paramagnetic particles are located is of a pH less than about 7.0. 
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the particles will reversibly bind nucleic acid molecules. Furthermore, the Applicants have found that the nucleic acid 
binding capacity of the paramagnetic particles increases as the pH decreases. 

[0029] The acidic environment for the paramagnetic particles of the present invention is believed to allow for elimi- 
nation of the need tor detergents as taught in certain references such as International Publication No. WO 96/18731. 

5 Without desiring to be held to a particular theory, the Applicant believes that detergents are not necessary for the 
present invention, because the acidic solution of the present invention promotes the binding of electropositive paramag- 
netic particles to electronegative nucleic acid molecules in preference to other substances in a sample such as nucleic 
acid hybridization and amplification inhibitors. In contrast, the utilization of detergents as taught in references such as 
International Publication No. WO 96/18731 is solubilize nucleic acid hybridization and amplification inhibitors in order 

10 that such inhibitors do not interfere with binding of nucleic add molecules to paramagnetic particles. 

[0030] As stated above, in an acidic environment, electropositive paramagnetic particles, such as ferric oxide par- 
ticles, will bind electronegative nucleic add molecules. Thus, other nnaterials In the environment, such as inhibitors of 
nudeic acid hybridization and amplification can be separated from the bound nucleic acid molecules. Such separation 
can be accomplished by means known to those skilled In the art. such as centrifugation. filtering or application of mag- 

15 netic force. 

[0031] The bound nucleic acid molecules can then be eluted into an appropriate buffer for further manipulation, 
such as hybridization or amplrtication reactions, such elution can be accomplished by heating the environment of the 
partides with bound nucleic acids and/or raising the pH of sudi environment. Agents which can be used to aid the elu- 
tion of nucleic acid from paramagnetic partides indude basic solutions such as potassium hydroxide, sodium hydroxide 
20 or any compound which will increase the pH of the environment to an extent sufficient that electronegative nucleic add 
is displaced from the partides. 

[0032] The following examples illustrate specific embodiments of the invention described in this document. As 
would be apparent to skilled artisans, various changes and modifications are possible and are contemplated within the 
scope of the invention described. 

25 

EXAMPLE 1 

Nucleic Acid Binding with Iron Oxide 

30 [0033] This example was designed to compare binding of nucleic acid with Iron oxide to binding of nucleic acid with 
zirconium at three target input levels. 
The following materials were used in this example. 

A Chlamydia trachomatis preparation 
35 - Phosphate buffer 

- Sample buffer for the BDProbeTec™ ET system 

- Hydrated Iron Oxide FeO(OH) partides (30 mesh = 300 -1200 microns) 

- Hydrated Zirconium Oxide 

- Glycine HCl 

40 - Chlamydia trachomatis Priming and Anplif ication Wells for the BD ProbeTec™ ET system 

- Ethyl Alcohd 

The procedure followed for the example was as follows. 

[0034] Chlamydia trachomatis sdutions at 5.000 Elementary Bodies(EB)/ml. 1 ,000 EB/ml. 500 EB/ml and 0 EB/ml 
45 were prepared in phosphate buffer and each sdution was transferred to twelve 2.0 ml centrifuge tubes/spike level. The 
tubes were heated at 1 0S^'C for 30 minutes. Hydrated Iron oxide particles washed with DiHgO by gravity were dispensed 
Into six tubes at each of the Chlamydia trachomatis spike levels at 10 mg/lube. Hydrated zirconium particles were dis- 
pensed into three tubes containing each Chlamydia trachomatis spike la^el at 10 mg/tube. No particles were added to 
three tubes of each level. Thirty ul of 3M Glydne-HCI was dispensed into each tube described above, and the tubes 
50 were placed on a end over end rocker for 30 minutes. Three tubes/spike level of the iron oxide tubes, the hydrated zir- 
conium tubes and the tubes containing no particles were centrifuged to separate, and were washed once with one 
mlAube of 95% ETOH. once with one ml/tube of DiHgO and were re-suspended with one ml/tube of sample buffer. The 
other three tubes/spike level containing iron oxide were magnetically separated by placing a magnet adjacent the tube, 
the samples extracted, and the tubes were washed with 1 .0 ml of ETOH/lube. The solution was magnetically separated 
55 for 3.0 minutes and 1 .0 ml of DiH20 was added to each tube. The solution was magnetically separated for 3.0 minutes 
and 1 .0 ml of sample buffer was added to each tii)e. The tubes were heated for 30 minutes at 105**C and wer amplified 
in the Chlamydia trachomatis BDProbeTec™ ET system. The BDProbeTec™ ET system is a publicly disdosed. semi- 
automated system for the homogeneous amplification and real time detection of nucleic add target nnolecules. 
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The results of this example wer as follows. 



PARTICLE TYPE 


CHLAMYDIA LEVEL 


MEAN MOTA VALUES 


Hydrated Zirconium 


0 


195 


Hydrated Zirconium 


500 


3813 


Hydrated Zirconium 


1,000 


30843 


Hydrated Zirconium 


5,000 


23872 








NONE 


0 


181 


NONE 


500 


107 


NONE 


1,000 


220 


NONE 


5.000 


333 








Hydrated Iron Oxide, centrifuge wash 


0 


162 


Hydrated Iron Oxide, centrifuge wash 


500 


7421 


Hydrated Iron Oxide, centrifuge wash 


1.000 


6552 


Hydrated Iron Oxide, centrifuge wash 


5,000 


24415 








Hydrated Iron Oxide, magnetic wash 


0 


203 


Hydrated Iron Oxide, magnetic wash 


500 


8956 


Hydrated Iron Oxide, magnetic wash 


1,000 


5243 


Hydrated Iron Oxide, magnetic wash 


5,000 


20294 



35 [0036] The conclusions drawn from the results were as follows. 

[0037] The MOTA values (sum of individual measurement units over time) are an internal Becton Dickinson fluores- 
cent unit with an established cutoff level for positivity at 1,000 MOTA. Magnetically separated iron oxide produced the 
same positivity as the hydrated zirconium particles. The tubes containing no particles produced no carry over results 
even at the 5,000 EB/ml level. This experiment demonstrated that hydrated iron oxide binds DNA under acidic condi- 

40 tions. 



EXAMPLE 2 



Elution and Denaturation of Double Stranded DNA from Iron Oxide Particles Using P otassium Hydroxide 

45 

[0038] This example was performed to determine whether DNA could be eluted and denatured using potassium 
hydroxide (KOH) alone without heat. In addition, the example was performed to determine which neutralization/sample 
buffer produces optimum MOTA values. 
[0039] The nnaterlals used in this example were as follows. 

50 

- a 70 mM KOH solution 

- a 100 mM Bicine. 2X Chlamydia trachomatis sample buffer (20% DMSO, 18% Glycerol, 0.06% Proclin, 0.013mM 
Tween 20 and 60 mM KPO4) 

- a 200 mM Bicine, 2X Chlamydia trachomatis sample buffer 
55 - a 300 mM Bicine, 2X Chlamydia trachomatis sample buffer 

- a Chlamydia trachomatis sample buffer (1 0% DMSO. 9% Glycerol. 0.03% Proclin, 0.0065mM Tween 20 and 30 mM 
KPO4) 

Hydrated zirconium particles 
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Hydrated iron oxide particles 

- a Chlamydia trachomatis preparation 

- 95% Ethyl alcohol (ETOH) 

- Phosphate buffer 

5 

[0040] The procedure followed for this example was as follows. 

[0041] Chlamydia trachomatis solutions were prepared at 1 .000 EB/ml and 5,000 EB/ml in phosphate buffer and 
were dispensed into 32 two ml centrifuge tubes/spike level at 1.0 ml/tube. Hydrated iron oxide was dispensed into 16 
tubes/spike level at 10 mg/tube and 60 ul of 3M glycine HCI was added to each tube. Hydrated zirconium particles were 

10 dispensed into 1 6 tubes/spike level at 1 0 mg/tube and 30 ul of 3M glycine HCI was added to each tube. The tubes were 
maintained on an end over end rotator for 30 minutes. The iron oxide tubes were magnetically separated, and then 
washed with 1 .0 ml of ETOH and then 1 .0 ml of DiH20. The zirconium partide tubes were centrifuge washed once with 
one ml of ETOH and then with one ml of DiH20. Twelve tubes of each particle type and spike level had 500 ul of 70 mM 
KOH added to each tube for 15 minutes. Of the twelve tubes, four tubes of both particle type and spike level had 100 

15 mM 2X Chlamydia trachomatis sample buffer (w/phosphate) added to each tube at 500 ul. Of the twelve tubes, four 
tubes of both particle types and spike levels had 200 mM 2X Chlamydia trachomatis sample buffer (w/phosphate) 
added to each tube at 500 ul. Of the twelve tubes, four tubes of both particle types and spike levels had 300 mM 2X 
Chlamydia trachomatis sample buffer (w/jahosphate) added to each tube at 500 ul. To the four remaining tubes, 1 .0 ml 
of sample buffer was added. Two tubes of each particle type, spike level and buffer type were placed in a boiling water 

20 bath for five minutes. The sample fluid was then immediately amplified in the Chlamydia trachomatis BDProbeTec™ ET 
system. 

[0042] The results of this example were as follows. 



35 



Bidne Concen- 
tration 


Chlamydia Con- 
centration 


Iron Oxide No 
Heat 


Iron Oxide Heat 


Zirconium No 
Heat 


Zirconium Heat 


100 mM 


1,000 EB/ml 


214 


298 


1032 


11556 


200 mM 


1.000 EB/ml 


3106 


123 


1320 


7250 


300 mM 


1,000 EB/ml 


1318 


4871 


113 


5833 


Control 


1,000 EB/m! 


280 


4775 


3245 


7988 


100 mM 


5.000 EB/ml 


814 


3711 


24565 


38873 


200 mM 


5,000 EB/ml 


5495 


19173 


11415 


32871 


300 mM 


5.000 EB/ml 


13433 


15302 


18298 


18127 


Control 


5,000 EB/ml 


422 


17106 


4753 


20208 



[0043] The conclusions drawn from the results above were as follows. 

[0044] The results indicate that DNA can be eiuted and denatured from hydrated iron oxide and hydrated zirconium 
oxide particles with KOH alone (w/o heat) and that the neutralization buffers which produced optimum MOTA values 
45 were the 200 and 300 mM Bicine 2X neutralization buffers. 

EXAMPLE 3 

Extraction of Nucleic Acid From Urine Samples Using Hvdr ated Iron Oxide 

50 

[0045] This example was performed to determine If hydrated iron oxide at low pH can be used to extract Chlamydia 

trachomatis DNA from spiked urine sanples. 

[0046] The materials used in this example were as follows. 

55 - Urine samples 

- Chlamydia trachomatis preparations 
Sample buffer 

- Hydrated zirconium partides 
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10 



15 



20 



• Hydrated iron oxide particles 

- 95% Ethyl Alcohol (ETOH) 

- Glycine Ha ^ ,, 

- BDProbeTec™ ET system Chlamydia trachomatis primer wells and amplification weiis 

r00471 The procedure followed Ibr this example was as follows. 

0048 Each of ten urine samples were split into three two ml aliquots and the urine samples were spiked wi«i 
Chlamydia trachomatis preparation at 1 .000 EB/ml. 2.500 EB/ml and 5.000 EB/ml The ^ampl^were spW into 
10 ml volumes in two ml centrHuge tubes. Then. 10 mg o( hydrated iron oxide partdes were dispensed into one tube 
at eTch s^ike l«el for each sample. Sixty ul of 3M Glycine HCI was added to each iron oxide tube. TTie tubes were 
mamSnSi on ^ end over endTotator for 30 minutes. In addition. 10 mg of hydrated zirconium partic es were d-s- 
penS WO oneTube at each spike le.el for each sample. Thirty ul of 3 M Glycine HCI was added to each tube contain- 
fng SraTi zirconium. The tubes were maintaned on an end over end rotator for 30 minutes. The t^es contain^g 
hydrated zirconium particles were centrifuge washed at 10.000gusing one mldETDHandttien one ml of D^^^^^^^^^ 

tubes were re-suspended with 1 .0 ml of sample buffer. The tubes containing iron oxide partcles were magnehcally sep- 
arated, and then washed using one ml of ETOH and then 1 .0 ml of DiH^O and the fcibes ^^rere-suspended w^^^^^^^ 
ml of sample buffer. The sample fluid from each tube was boiled for 5 minutes and then amplified using the Chlamydia 
trachomatis BDProbeTec™ ET system. 
[0049] The results of this example were as follows. 



Chlamydia Level 


Particle Type 


Positives 


1,000 EB/ml 


Hydrated Iron Oxide 


3/10 


1,000 EB/ml 


Hydrated Zirconium 


9/10 


2.500 EB/ml 


Hydrated Iron Oxide 


10/10 


2.500 EB/ml 


Hydrated Zirconium 


10/10 


5,000 EB/ml 


Hydrated Iron Oxide 


10/10 


5,000 EB/ml 


Hydrated Zirconium 


10/10 



35 [00501 The conclusions drawn from the above results were as follows. 

0051] The detectable positivity rate drops at the same level with either the hydrated zirconium particles or the 
hydrated iron oxide particles. This indicates similar performance with both particles types. Iron oxide at low pH can 
extract DNA from urine samples. 

40 EXAMPLE 4 

FYtrafttion of Nucleic Add From Pla s ma Samples Using Hydrated Iron Oxide 

[0052] This example was performed to determine if hydrated iron oxide at low pH can be used to extract Chlamydia 
45 trachomatis DNA from spiked plasma samples. In addition, this example was performed to compare a plasma DNA 
extraction method using hydrated zirconium particles to a plasma DNA extraction method using hydrated iron oxide par- 
tides. 

[0053] The materials used for this example were as follows. 



50 



55 



300 mM Bicine 2X Chlamydia trachomatis sample buffer 

Hydrated iron oxide particles 

Hydrated zirconium oxide particles 

Guanidine isothiocynate 

Chlamydia trachomatis stock preparation 

Chlamydia trachomatis BDProbeTec™ ET primer wells and amplification wells 

Internal Amplification Control (lAC) BDProbeTec™ ET primer wells and amplification wells 

ISOmMKOH 

Plasma samples 
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- 95% Ethyi alcohol 

[0054] The procedures followed for this example was as bllows. 
5 Iron Oxide Procedure 

10055] One ml of DiH20 was added to eight two ml centrifuge tubes containing 40 mg of hydrated iron oxide parti- 
cles. Two plasma samples were spiked with Chlamydia trachomatis preparation at 9,000 EB/300 ul, 6,000 EB/300 ul. 
3,000 EB/300 ul and 1.500 EB/SOO ul. Then. 300 ul of each spiked plasma sample was added to the tubes containing 

10 hydrated iron oxide particles. The tubes were heated at lOS^'C for 30 minutes. Eighty ul of glacial acetic add was then 
added to each tube, and the tubes were placed on an end over end rotator for 30 minutes. The tubes were then placed 
on a magnetic tube rack and the treated sample fluid was renrraved. The tubes were magnetically separated, and then 
washed with 1 .0 ml of 25 mM acetic acid twice. The DNA was eluted from the hydrated iron oxide particles with 500 ul 
of 150 mM KOH for 15 minutes. The solutions were neutralized with 500 ul of 300 mM 2X sample buffer. The samples 

15 were placed in a boiling water bath for five minutes. The samples were then amplified using the BDProbeTec^ ET 
Chlamydia trachomatis system. 

Hvdrated Zirconium Procedure 

20 [0056] The same two plasma samples from the iron oxide procedure above were dispensed at 300ul/tube into four 
2.0 ml centrifuge tubes for each plasma sample. Five nrrolar guanidine isothiocynate (GITC) was added to each tube at 
700 ul. The four tubes of each sample were spiked with Chlamydia trachomatis preparation at 9.000 EB/300 ul, 6,000 
EB/300 ul. 3.000 EB/300 ul and 1 .500 EB/300 ul. respectively, and the tubes were maintained at room temperature for 
15 minutes. A hydrated zirconium oxide particle slurry was prepared by combining 10 mg of zirconium oxide particles 

25 with 30 ul of 3M glycine HCI. Thirty ul of this slurry was added to each tube and the tubes were placed on an end over 
end rotator for 30 minutes. The tubes were centrifuged at 10.000 g for 3.0 minutes, the supernatant was removed, and 
1 .0 ml of 2M GITC was added to each tube. The tubes were centrifuged at 10,000 g for 3.0 minutes, the supernatant 
was removed and 1 .0 ml of 80% ethyl alcohol/20% 50 mM Tris buffer was added to each tube. The tubes were washed 
two additional times by centrifuging at 10.000 g for 3.0 minutes, extracting the supernatant and adding 1 .0 ml of DiHaO. 

30 The DNA was eluted in 1 .0 ml of 1 50 mM KOH/300 mM Bicine 2X sample buffer. The samples were placed in a boiling 
water bath for five minutes. The samples were pop centrifuged at 3,200 g and were amplified using the Chlamydia tra- 
chomatis BDProbeTec™ ET system. 

Internal Amplification Control Procedure 

35 

[0057] Sample buffer was spiked with Chlamydia trachomatis preparation at 9,000 EB/300 ul. 6.000 EB/300 ul. 
3.000 EB/300 ul and 1 ,000 EB/300 ul. The samples were placed in a boiling water bath for five minutes and were ampli- 
fied using the Chlamydia trachomatis BDProbeTec™ ET system. 
[0058] The results of this example were as follows. 



45 



55 



Particle Type 


Spike Level 


Chlamydia MOTA Mean 


lAC MOTA Mean 


Iron oxide 


9,000 


14871 


14261 


Zirconium 


9,000 


16774 


16886 


Control 


9.000 


19808 


35077 


Iron oxide 


6.000 


8668 


19313 


Zirconium 


6,000 


19115 


24339 


Control 


6.000 


22129 


34234 


Iron oxide 


3.000 


2436 


16128 


Zirconium 


3.000 


20098 


33188 


Control 


3,000 


21954 


26355 


Iron oxide 


1.000 


492 


10021 
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(continued) 



Particle Type 


Spike Level 


Chlannydla MOTA Mean 


lAC MOTA Mean 


Zirconium 


1,000 


15587 


25805 


Control 


1.000 


2679 


14423 



[0059] The conclusions drawn from the above results were as follows. 

[0060] Using a MOTA positivity value of 1.000, hydrated iron oxide was capable of extracting DNA from plasma 
10 samples up to 3.000 EB/300 ul. 

EXAMPLE 5 

N^ mieift Acid Capture Using Ferrosoferric oxide (Fe^Q^) 

15 

[0061 ] This example was designed to compare two nucleic acid capture particles: Fen-ic Hydroxide (hydrated ferric 
oxide) and Ferrosofenic oxide under neutral and acidic binding conditions. 
[0062] The materials used for this example were as follows. 

20 - Phosphate buffer 

- Ferric hydroxide (FeO(OH)) particles 
Fenosoferric oxide (Fe304) particles 
Chlamydia trachomatis preparation 

- Chlamydia trachomatis BDProbeTec™ ET primer wells and amplification wells 

25 - Internal Amplification Control (lAC) BDProbeTec™ ET primer wells and amplification wells 
Acetic add 

- 150mMKOH 

- 300 mM Bicine. 2X Chlamydia trachomatis sample buffer 

30 [0063] The procedure followed for this example was as follows. 

[0064] Ferric hydroxide (FeO(OH)) powder was prepared by mortal and pestle grinding 30-50 mesh material to a 
fine powder. The powder was allowed to settle in an aqueous solution for four minutes. The supernatant was extracted 
and the material was allowed to settle for an additional fifteen minutes. The pelleted material was then magnetically 
separated and was magnetically washed with DiHaO. The material was then filtered onto 20 um filter paper and dried 

35 overnight at 37''C. Then, 60 ug of the material was transferred to a tube containing 480 ul of DiH20. This slurry was 
dispensed into six 2 ml centrHuge tubes. Also, 240 ug of dried FeO(OH) material was transferred to a tube containing 
480 ul of DiH20. The slurry created was transfen'ed to six 2 ml centrifuge tubes. 

[0065] In addition, 60ug of Fe304 (sized at 88-92% passing a 325 sieve) was transferred to a tube containing 480 
ul of DiH20. The slurry created was dispensed into six 2 ml centrifuge tubes. Another slun-y was created by transferring 

40 240 mg of dried Fe304 material to a tube containing 480 ul of DiHgO. This slun-y was then transferred to six 2 ml cen- 
trifuge tubes. Chlamydia trachomatis solutions were prepared at 0 EB/ml. 1.000 EB/ml and 4,000 EB/ml In phosphate 
buffer. Each concentration of Chlamydia trachomatis solution was dispensed into two tubes of each particle type. The 
tubes were heated at 105°C for 30 minutes. An 80ul aliquot of acetic acid was added to one tube of each particle type, 
and the tubes were maintained on an end over end rocker for 30 minutes. The tubes were then magnetically separated 

45 and washed with 1 .0 ml of 25 mM acetic acid/wash twice. A 1 50 mM KOH aliquot was added to each tube at 500 ul/tube 
for 15 minutes, and 500 ul of 300 mM Bidne 2X sample buffer was added to each tul^e and the tubes were placed In a 
boiling water bath for five minutes. The sample fluid was amplified using the Chlamydia trachomatis BDProbeTec™ ET 
system. 

[0066] The results from this example were as follows. 

50 



Chlamydia Level 


Iron Oxide Type 


Mass 


Acid Volume 


Chlamydia MOTA 


lAC MOTA 


0 


FeO(OH) 


10 


80 


187 


10076 


0 


FeO(OH) 


40 


80 


127 


7751 


0 


FeO(OH) 


10 


0 


5 


13928 
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(continued) 



Chlamydia Level 


Iron Oxide Type 


Mass 


Acid Volume 


Chlamydia MOTA 


lAC MOTA 


0 


FeO(OH) 


40 


0 


111 


13814 














1,000 


FeO(OH) 


10 


80 


3343 


11610 


1.000 


FeO(OH) 


40 


80 


11574 


13886 


1,000 


FeO(OH) 


10 


0 


2209 


11883 


1.000 


FeO(OH) 


40 


0 


2350 


13677 














4.000 


FeO(OH) 


10 


80 


5778 


18752 


4.000 


FeO(OH) 


40 


80 


13997 


10866 


4,000 


FeO(OH) 


10 


0 


2195 


17593 


4.000 


FeO(OH) 


40 


0 


4426 


12065 


0 


Fe304 


10 


80 


34 


13279 


0 


Fe304 


40 


80 


37 


11336 


0 


Fe304 


10 


0 


1 


12965 


0 


Fe304 


40 


0 


2 


5351 














1,000 


Fe304 


10 


80 


8507 


17116 


1.000 


Fe304 


40 


80 


3772 


4923 


1.000 


Fe304 


10 


0 


48 


15623 


1,000 


Fe304 


40 


0 


7 


925 














4.000 


Fe304 


10 


80 


7019 


16337 


4.000 


Fe304 


40 


80 


21486 


17983 


4.000 


Fe304 


10 


0 


10438 


17613 


4,000 


Fe304 


40 


0 


206 


10454 



[0067] The conclusions drawn from the above results were as follows. 

[0068] Using a MOTA positivity value of 1 .000. Fe304 can extract nucleic acid to a level of 1 ,000 EB/ml. which is 
comparable to the extraction capability of FeO(OH) with both masses. A negative acid volume negatively impacted both 
the number of positive values at the lower 1 ,000 EB/ml level and MOTA values. 

[0069] While the invention has been described with some specificity, modifications apparent to those with ordinary 
skill in the art may be made without departing from the scope of the invention. Various features of the invention are set 
forth in the following claims 

Claims 

1 . A composition useful for reversible binding of a nucleic acid molecule, said composition comprising a paramagnetic 
particle in an acidic solution. 

2. The composition of claim 1 wherein the paramagnetic particle comprises iron. 

3. The composition of claim 1 wherein the paramagnetic particle is selected from the group consisting of an iron oxide, 
iron sulfide and iron chloride. 
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4. The composition of claim 3 wherein the iron oxide is ferric hydroxide or ferrosoferric oxide. 

5. A kit comprising a paramagnetic particle packaged with an acidic solution. 

6. The kit of claim 5 wherein the paramagnetic particle comprises iron. 

7. The kit of claim 5 wherein the paramagnetic particle Is selected from the group consisting of an iron oxide, iron 
sulfide and iron chloride. 

8. A method for reversibly binding a nucleic acid molecule to a paramagnetic particles comprising the steps of: 

(a) providing a suspension of paramagnetic particles in an acidic solution; and 

(b) combining said suspension with a nudeic acid molecule. 

9. The method of claim 8 wherein the paramagnetic particles comprises iron. 

10. The method of claim 8 wherein the paramagnetic particles are selected from the group consisting of an iron oxide, 
iron sulfide and iron chloride. 



11 



EP 1 002 860 A1 



EurapMn PatMtt 
Offloa 



EUROPEAN SEARCH REPORT 



EP 99 11 8529 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catsgoiy 



af rttovartpastao— 



RetovaiV 
todakn 



CLASanCATIOM OPTM 



D,A 



EP 0 618 461 A (TOYO BOSEKI) 
14 January 1998 (1996-01-14) 

* abstract; clalns 1-26 * 

WO 98 31840 A (PROMEGA CORP) 
23 July 1998 (1998-07-23) 

* the whole document * 

WO 96 18731 A (DZIE6LEWSKA HANNA EVA 
;DYNAL AS (NO); LARSEN FRANK (NO); 
DE66ERDAL) 20 June 1996 (1996-06-20) 

* the whole document * 

WO 96 09379 A (WHITEHEAD BIOMEDICAL INST) 
28 March 1996 (1996-03-28) 

* the whole document * 



1,5,8 



C12N15/10 
C12Ql/6d 
C07H1/08 
C07H21/04 



TCCHMCALRELDS 
SEARCHED (MCLT) 



C12N 
C12Q 

C07H 



TiM ptMant sMich raport ha* bean drawn up tor aO dakiw 



THE HAGUE 



16 February 2000 



Hornig, H 



CATEGORY OF CrmO DOCUMENTS 

X I psrtoiisrty ratiwinl K takMi liofw 
Y I pwHoiiariy nlivint I oombkwd mMi snottMr 
doouiMntcf tw MfTMOdvooty 

Aa * ' ■ 1 1 a I ii I — II I ■ I i 



P : kitafiMdiift doGunMnt 



T : tfwoiy or pdnoU* i«l«iMia th» lni»^^ 

cflor ttw llkio dnl* 
D : dooumeni cM tw ani*ciion 
L : doounent dlwl for otwr raMom 

dOOUtMfll 



12 



EP 1 002 860 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPUCAT10N Na 



EP 99 11 8529 



TN( •KMX IM M pirism tamly iMirt)Mi«taAlna to «M ptfMt doo^^ 

Tl»m*n*si»«i»M contain^ In tt»EuiopwnPal«itOmc»EOP«««n 

TIM EunvaM Patert Offlo0 to In no wty labto (or Itow putkx^m virt^ 

16-02-2000 



PitanI docwTWnt 
ctBd In March raport 



Pttanitafflly 
inairfaef(«) 



PubBctfon 



EP 0818461 



14-01-1998 



JP 
US 



10075784 A 
5990302 A 



WO 9831840 



23-07-1998 



AU 
CA 
EP 
JP 



6647598 A 
2249393 A 
0895546 A 
11509742 T 



WO 9618731 



20-06-1996 



AU 
AU 
CA 
EP 
JP 



706211 B 
4182996 A 
2207608 A 
0796327 A 
11501504 T 



WO 9609379 



28-03-1996 



US 
US 



5705628 A 
5698071 A 



24-03-1998 
23-11-1999 



07-08-1998 
23-07-1998 
10-02-1999 
31-08-1999 



10-06-1999 
03-07-1996 
20-06-1996 
24-09-1997 
09-02-1999 



06-01-1998 
27-04-1999 



§ l^)r nwra dtlaito abou M anntx : tM Oflictai Journal ol Aa European Patart 0^ 



13 



